Global water scarcity has been a growing concern among policy makers, researchers, and the general public. Rapid urbanization with more concentrated populations and emergent patterns of climate change (e.g., soaring temperatures and 19 years of drought) added uncertainty and complexity to the risk of water shortage for the Phoenix Metropolitan Area (PMA). In this study, we used a numerical simulation tool, termed WaterSim 5.0, to assess water sustainability indicators in PMA. Four hypothetical scenarios were evaluated, viz. desert, and green landscaping, as well as urban expansion into desert or agricultural lands, bracketing plausible paths of future development in the study area. Model outputs were evaluated using four sustainability indicators and policy controls:
Introduction
As the recent water crisis in Cape Town, South Africa illustrates, water scarcity has emerged as a significant barrier to sustainable urban development by impairing food security and economic prosperity globally [1] . Though a rather extreme case, the averted water crisis in Cape Town could be a harbinger of things to come if global water scarcity is left un-checked. Densely populated areas experience this pressure most severely, when fresh water availability falls below a threshold of, say~40 m 3 /capita/year for domestic household demand (equivalent to 29 gallons per capita per day or gpcd) [2, 3] . In addition, water shortage will be exacerbated under projected climatic changes in conjunction with the impact of future population growth [4] . Consequently, a new paradigm is needed for urban planning [5] .
Water scarcity in cities is rarely a stand-alone issue as it is closely entangled with other urban sustainability challenges, such as urban expansion [6] , building energy efficiency [7] , water quality [8] , and social equity [9] . For example, on top of the potential threat of water scarcity, cities located in arid or semiarid environments often face a "double evil," from the excessive thermal stress in the built environment, known as the urban heat island (UHI) effect [10] . To address the combined challenge of water scarcity and UHI effect, any urban planning strategies need necessarily account for the water-energy nexus, given that the underlying dynamics and transport processes in water and energy cycles are almost always inseparable. The impact, in turn, surfaces in the regional hydroclimate via a cascade of land-atmosphere interactions [11] [12] [13] [14] . This is particularly true in the built environment where the complex coupling of heat-water transfer is essential for all realistic urban modeling frameworks [15, 16] . Thus, questions concerning environmental sustainability in desert cities naturally arise as "how much water does it take to cool a desert city?" [17] , or "how to maximize the co-benefit in the water-energy trade-offs?" [18, 19] .
To address these questions, we selected the Phoenix Metropolitan Area (PMA) in Arizona, USA, as our study area. This area has been among the fastest growing urban areas in the US since 2000 [20] . In PMA, rapid urbanization and the concomitant urban landscape changes have rapidly altered the local hydroclimate in the last decades. Within a relatively short period of 25 years, PMA has experienced decreased precipitation and increased ambient air temperatures; both trends are manifest ( Figure 1) .
A sustainable water resource with reduced uncertainty in both demand and supply will continue to be a crucial component for residents living, developing, and growing the city. The diversified water portfolio in this region has allowed for its urbanization and agricultural growth of the past [21] . PMA obtains its water from three main sources: the Colorado River via the Central Arizona Project (CAP), the Salt and Verde Rivers via the Salt River Project (SRP), and groundwater aquifers. In particular, treated effluent is also becoming an increasingly more important source for non-potable uses. The treated wastewater is being used in Arizona for a variety of beneficial purposes, including agricultural and landscape irrigation, industrial cooling, and groundwater recharge [22] . Nevertheless, how to best use wastewater sustainably remains a challenging question constrained by trade-offs among wastewater reuse supplies and demands, costs and profits, pollutants reduction, as well as policy restraints [22, 23] .
In this study, we aim to address the primary research question: "What are the sustainability and socioeconomic implications of water use for different paths of future development of PMA?" Here by socioeconomic implications we mean the implications of water management strategies to the trade-offs of socioeconomic benefits among agricultural yield, building energy demand, and landscape changes subject to urban population growth. Each of the scenarios emphasizes on different aspects of the urban water-energy-population nexus. A systems dynamics model, WaterSim (v5.0) [24, 25] , is adopted to perform the scenario analysis to estimate water supply and demand. The results of this study will give interesting insight into how water sustainability in a desert city is influenced by different scenarios of population growth, landscape planning strategies, and water management policies. 
Methodology

Study Area
The management of water resources in PMA is significantly affected by population growth; nonetheless, the local economy depends on this development [26] . Between 2000 and 2010, the population of PMA grew by 24.2% [20] and between 2010 and 2015, 100,000 new residents were added annually [27] . Concomitant with population growth, the built area (housing) is projected to increase between 20,000 to 70,000 square kilometers in this area [28, 29] . Thus, this anticipated growth and uncertainty due to regional changes is bound to bring water resource challenges.
Facing the double pressure of water scarcity and urban warming, both primarily driven by urban population growth, PMA has adopted a unique portfolio of water management, and landscaping strategies. More specifically, maximizing the reuse of wastewater together with xeriscaping in this area offers attractive potential to relieve the stress on overstretched water 
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Study Area
Facing the double pressure of water scarcity and urban warming, both primarily driven by urban population growth, PMA has adopted a unique portfolio of water management, and landscaping strategies. More specifically, maximizing the reuse of wastewater together with xeriscaping in this area offers attractive potential to relieve the stress on overstretched water supplies by replacing other sources of water uses, such as landscape and agricultural irrigation. The status quo of water reuse in central Arizona has been synthesized and reported by Middel [22] ; the study also identified potential constraints on wastewater reuse under the current and predicted future economic and regulatory systems.
WaterSim
WaterSim 5.0 is a numerical simulation model developed by the Decision Center for a Desert City (DCDC) at Arizona State University [24, 25] , and available online at http://wsuied.watersim.org. This water supply and demand management model incorporates current and potential future water policies, in conjunction with controls to emulate climatic and drought-induced effects on riverine runoff, to explore alternate water futures for PMA. The model has been developed with stakeholder input to create a salient and credible education tool for teachers and outreach, as well a tool for researchers, landscape planners, and policy makers [30, 31] . The model includes a mass balanced water use network that defines policies that can be used to explore possible, divergent uses of the water supply (and including treated wastewater) for the scenarios of interest ( Figure 2 ). The WaterSim platform includes an online user interface. supplies by replacing other sources of water uses, such as landscape and agricultural irrigation. The status quo of water reuse in central Arizona has been synthesized and reported by Middel [22] ; the study also identified potential constraints on wastewater reuse under the current and predicted future economic and regulatory systems.
WaterSim 5.0 is a numerical simulation model developed by the Decision Center for a Desert City (DCDC) at Arizona State University [24, 25] , and available online at http://wsuied.watersim.org. This water supply and demand management model incorporates current and potential future water policies, in conjunction with controls to emulate climatic and drought-induced effects on riverine runoff, to explore alternate water futures for PMA. The model has been developed with stakeholder input to create a salient and credible education tool for teachers and outreach, as well a tool for researchers, landscape planners, and policy makers [30, 31] . The model includes a mass balanced water use network that defines policies that can be used to explore possible, divergent uses of the water supply (and including treated wastewater) for the scenarios of interest ( Figure 2 ). The WaterSim platform includes an online user interface. The WaterSim model simulates the water supply and water demand trajectories for 33 regional water providers in PMA, and utilizes three types of modules to: (1) characterize the uncertainty in water supplies and demand, (2) define urban water infrastructure and the complexity of managing institutions, and (3) integrate a number of policy levers for water supply and demand management options [25] . The interface permits users to adjust the: percentage of wastewater reclaimed, percentage of farm water used by cities, environmental flows, the percent change in per capita water The WaterSim model simulates the water supply and water demand trajectories for 33 regional water providers in PMA, and utilizes three types of modules to: (1) characterize the uncertainty in water supplies and demand, (2) define urban water infrastructure and the complexity of managing institutions, and (3) integrate a number of policy levers for water supply and demand management options [25] . The interface permits users to adjust the: percentage of wastewater reclaimed, percentage of farm water used by cities, environmental flows, the percent change in per capita water use (from the default trajectory), the percent change in population growth (from that projected), and the percent of total water used outdoors.
Sustainability Indicators
For these analyses we focused on four of the five sustainability indicators found in the WaterSim 5.0 user interface (http://phoenix.watersim.org). All values presented in the Sustainability Indicator icons represent regional averages for that indicator found at the end of the simulation cycle (in the year 2050). The groundwater indicator expresses the amount of groundwater used as a percentage of total water use for PMA. The agricultural production indicator reflects the amount of agriculture production in PMA as a percentage of that estimated for 2015. For example, a value of 81% in the year 2050 indicates that there was a 19% reduction in agricultural production as compared to that in 2015. Personal water use, in gallon per capita per day (gpcd), is expressed in the water use indicator. Lastly, the assured water supply indicator depicts the number of years that the region, as a whole, has adequate water to meet the needs of new growth. Specifically, severe groundwater overdraft (i.e., mining of groundwater) led to the establishment of the 1980 Groundwater Management Act [32] .
The Arizona Department of Water Resources (ADWR) thus created Active Management Areas (AMAs) in the most populous regions of the state to enable oversight of Arizona's groundwater resources. The Groundwater Management Act granted groundwater rights to cities, towns, and private water providers with the expectation that they would reduce groundwater use to achieve "safe yield" by 2025 [33] . That is, water service provides must reduce reliance on groundwater to the point such that recharge and extraction are roughly in balance [34] . Accordingly, new subdivisions are not allowed to be platted unless developers demonstrate that they have an "assured" 100-year supply (or are located with a water service area that has an assured water supply designation) [32] . Notwithstanding, it is possible that individual cities may have sufficient supplies in 2050 to grow; to verify this supposition, city-specific values for this metric would need to be examined.
Scenario Design
In this study we investigate water sustainability by simulating four plausible future scenarios, including two focusing on a 50 percent increase in the projected population growth for the region, based on the projection by Maricopa association of Governments by 2060, and the other two examining the intriguing interplay of urban water-energy management and their trade-offs: one which deals directly with combating urban heat island (the direct heat mitigation effect is not quantified here), and one concerned with water sustainability alone. The future scenarios are then compared with the baseline scenario to determine the water sustainability of the PMA. The baseline scenario represents our best estimate of the future water supplies and demand assuming no changes in the current policies that each city has established. Water supplies are currently represented of low flow years, using a representative low flow trace (a 30-year slice from the historical data, repeated when the simulation exceeds 45 years) for median river flow estimates from the historical data for each river. Water demand assumes the population growth projected for each water provider by the Maricopa Association of Governments (https://www.azmag.gov/). Our estimates of liters per capita per day for each of 33 municipal water providers for baseline simulations, in conjunction with population, determine the annual water demand. Model parameterization for the baseline scenario required data collection from many sources [25] . Note that the water-energy trade-off suggested here is not directly assessed by WaterSim but inferred from the building energy saving via urban irrigation reported by Yang and Wang [18, 19] . Specifically, the four scenarios include a green city (GC), a desert city (DC), an expanded city into desert land (ECD), and an expanded city into agricultural land (ECA). These four scenarios were designed to emphasize different aspects of the urban water-energy-population nexus.
Each of the four scenarios has a single emphatic focus in promoting sustainable development in PMA (Table 1) . Primarily, GC and DC serve as contrasting viewpoints on prioritizing planning strategies in mitigating UHI through increased outdoor water use or promoting water sustainability through decreased outdoor water use, whereas ECD and ECA show the influence of population growth and the concomitant urban expansion has on water sustainability. More specifically, the primary objective of the DC scenario is to maximize water saving by encouraging xeric landscaping without concerning the adverse potential effect on UHI. Given an 80% probability of extended drought between 2050 and 2099 in the area [35] , restriction of water only for necessary indoor use becomes a priority by eliminating the outdoor water use (up to 75% of the total residential water use) for turf, swimming pools, fountains, etc. On the contrary, the GC scenario prioritizes the water use to mitigate UHI as a constant challenge presented in PMA, as well as to reduce heat-related health risks [36] . In addition, the expansion scenarios (ECD and ECA) were created to look at solely the impacts of a high series population growth [37, 38] , through the trade-offs between urban-agriculture water or urban-desert conversion where the growth occurs. ECD is designed to maintain the status quo agricultural water use where it currently stands, while ECA will entirely overtake agricultural land by the year 2085. Lastly, each scenario will be analyzed under the polarity of wastewater reuse cases, viz. business as usual (19% wastewater reclamation) [22] , and full reuse (100%). The input parameters of WaterSim 5.0 for all four scenarios are summarized in Table 2 . 
Results and Discussion
Default simulations from WaterSim 5 demonstrate a slight (~5%) increase in the total amount of water used for the metro area from 2015 to 2050, with municipal groundwater pumping, of the six water supply sources, expected to increase the most (Figure 3 ). This "business as usual" scenario suggests that the region will increase water deliveries from 800 k to 900 k acre-feet per year by 2035 with slight decreases through 2050. At the same time, the four water sustainability indicators suggest: (1) that groundwater use would increase from 10% to 20% of the total water portfolio for the region by 2050, (2) a decrease in the per capita water use to 60% of that observed in 2015, (3) a decrease in agricultural production of 19% by 2050, and (4) that the number of years of assured water supply would drop 10 years from 94 to 84 by the year 2050. Of note, these default simulations, over this time period, suggest that a 5% increase in total water used would accommodate over 2 million new residents (assuming median surface water flows on the three rivers that supply the metro area and, thus, deliveries). over this time period, suggest that a 5% increase in total water used would accommodate over 2 million new residents (assuming median surface water flows on the three rivers that supply the metro area and, thus, deliveries). 
Impact of Wastewater Reuse
An increase in the policy control for wastewater reclaimed from 19% (baseline) to 100% (maximum) reduced groundwater dependence in all four scenarios is examined. In WaterSim, diverting wastewater from a traditional wastewater treatment plant (TWTP) to a reclaimed wastewater treatment plant (RWTP), without additional policy changes, results in multiple feedbacks that alter the regional water supply mix. First, diverting wastewater from a TWTP to a RWTP reduces effluent that would otherwise be used for agricultural irrigation, cooling towers at the Palo Verde Nuclear Generating Station, and for recharge to the aquifer via vadose percolation ( Figure 2 ). Second, additional reclaimed water (again, with no additional policy changes) can only be used to meet municipal, commercial, and industrial outdoor water demand for 11 metro 
An increase in the policy control for wastewater reclaimed from 19% (baseline) to 100% (maximum) reduced groundwater dependence in all four scenarios is examined. In WaterSim, diverting wastewater from a traditional wastewater treatment plant (TWTP) to a reclaimed wastewater treatment plant (RWTP), without additional policy changes, results in multiple feedbacks that alter the regional water supply mix. First, diverting wastewater from a TWTP to a RWTP reduces effluent that would otherwise be used for agricultural irrigation, cooling towers at the Palo Verde Nuclear Generating Station, and for recharge to the aquifer via vadose percolation ( Figure 2 ). Second, additional reclaimed water (again, with no additional policy changes) can only be used to meet municipal, commercial, and industrial outdoor water demand for 11 metro communities that currently have reclaimed wastewater treatment facilities. Accordingly, this water is used for outdoor irrigation of yards, parks and golf courses, replacing potable water use ( Figure 4A-D) . Third, for one municipality, increased reclaimed water used increases the amount of reverse osmosis water to be used as direct potable reuse (Figure 2 ). communities that currently have reclaimed wastewater treatment facilities. Accordingly, this water is used for outdoor irrigation of yards, parks and golf courses, replacing potable water use ( Figure  4A-D) . Third, for one municipality, increased reclaimed water used increases the amount of reverse osmosis water to be used as direct potable reuse (Figure 2 ). Thus, for 11 water service providers, the additional water from the reclamation plants reduces dependency on surface and groundwater ( Figure 4) [25] . In these simulations the decrease in the proportion of groundwater used as a percentage of the total water portfolio for the four scenarios ranged from 4% to 8% when 100% of available wastewater was reclaimed. Note that the WaterSim analysis focuses on 33 of the largest water providers in the PMA. These 33 communities represent 97% of the total population in the Phoenix Metropolitan Area and contribute to most of the population and the water use in the area. Of course, if more communities added a RWTP to their wastewater treatment infrastructure (a policy within WaterSim) much greater, regional, trends would be observed. The greatest change in groundwater reliance was observed in the Expanded City into Desert Land (ECD) and the Expanded City in Agricultural Lands (ECA) scenarios (8%).
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The Green City (GC) scenario exhibited slightly greater groundwater reliance when compared to the Desert City (DC) simulations ( Figure 4 and Table 3 ), attributed to increased outdoor water use as a percentage of total use by the GC scenario. Outdoor water demand can account for 50 to 70% or more of total municipal water use [39] . Moreover, decreasing outdoor water use in the DC scenario increased the number of years of adequate groundwater supply; more water was available for indoor water use and, thus, decreased groundwater pumping and the long-term trajectory of groundwater credits over time. Notwithstanding, and of greater significance, both exhibited similar, and what might be considered near sustainable, groundwater use (withdrawals) when reclaimed water use was maximized (Table 3) ; with groundwater use at 14% of the total water portfolio, these scenarios suggest that the region as a whole would be approaching a safe yield (groundwater pumping equal to groundwater recharge) based on wastewater reclamation by municipalities and farm water use by cities by 2050. While we do not have direct empirical evidence, simulations from WaterSim suggest that natural (along streams and channels) and incidental (from infiltration of agricultural irrigation water, canal leakage, and industrial and municipal outdoor water use) recharge would offset groundwater extraction in the neighborhood of 10% to 12% of the total water use profile for the metro area. Increased use of reclaimed water by municipalities has associated tradeoffs. First, it would require much change in water governance and policy dimensions by federal and local agencies to fund the construction of advanced wastewater treatment plants needed to utilize the wastewater stream for municipal, commercial, and industrial water users. Secondly, this change is accompanied by technical and economic constraints. According to [22] , wastewater treatment is the largest among all energy users, in conjunction with quality challenges such as high salinity, high total dissolved solids, and pharmaceuticals and personal care products.
Impact of Outdoor Water Use
Limiting outdoor water use can be a potential strategy to increase water sustainability in PMA. In the DC scenario, limiting outdoor water use to 60% of initial (traditional) use positively impacted the sustainability indicators. This limit lowered the daily personal water use to 70 gpcd (from 117) by 2050 (Table 3 ) by reducing outdoor water demand. In PMA, landscaping decisions-the type of landscape desired ('xeric' vs. 'mesic' vs. 'oasis')-have, historically, been based on the cooling effect that vegetation provides to make life 'livable' in the hot, arid climate found in PMA. More recent desert-like xeric landscaping (as opposed to mesic turfgrass or an oasis mix of trees and ground cover) has become common, whereby reducing the amount of water needed for outdoor irrigation [40, 41] , but at a cost. Xeric landscapes (stone, gravel, and native vegetation) increase ambient temperatures whereby increasing the UHI effect of urban environments [41, 42] . In contrast, the GC scenario increased outdoor water use (as assumed) for landscape irrigation as a trade-off for increased evapotranspirative cooling by urban green infrastructure [19] , but with a greater per capita water use by 2050.
Simulations for the DC scenario suggest that reduced outdoor water use, especially in combination with increased wastewater reclaimed, would increase the number of years of assured water supply over that observed by the GC scenario, but substantially when compared to the ECD or ECA scenarios (Table 3 ). Reducing outdoor water use in the DC scenario resulted in about a 35% reduction in total water supplies used (Figure 4 vs. Figure 3 ). This reduction was transitional, with the full effect not observed until about 2022 ( Figure 4 ). Reductions in total water use was attributed to reduced use across the board but, in this case, much reduced use of Salt River Project surface water (Salt and Verde Rivers of Central-North Arizona) and groundwater was observed (Figure 4 vs. Figure 3 ). When reclaimed wastewater was included, these differences were even greater.
In a broader context of sustainable urban development, increased water sustainability in the DC scenario (as inferred by the reduced per capita water use and the reduced groundwater dependence) comes at an expense; increased thermal stress would be expected due to reduced evaporative cooling.
A recent study in PMA reported that a desert city can save up to 80 million m 3 (or 21 billion gallons) of outdoor water use from irrigation and evaporation consumption with an approximate increase in daily mean temperature by 0.92 • C [19] . Even replacing the irrigated landscape by xeriscaping of drought-tolerant plants can lead to the similar effect, albeit with slightly less UHI intensification than a fully desert city [43] . One caveat to this argument is that increased operational costs or even increased water use in some customer classes may occur as an unintended consequence of regional strategies to reduce outdoor water use [44] .
Impact of Agriculture Water Use
Of the four scenarios examined, only the ECA scenario addresses agricultural water use. In this scenario, the 70% increase in the municipal purchase/exchange of agricultural groundwater water credits for potential municipal water use resulted in a dramatic reduction, as would be expected, in agricultural production ( Table 3 ). In this case, agricultural production by 2050 would be about 11% of that observed in 2015. A monumental reduction in agriculture in the metro area for communities that exchange agricultural lands for urban development greatly enhances their potential sustainability. Shifting water away from agricultural water rights to municipal water rights increases the groundwater pumping credits for a water service provider [25] . Essentially, a water utility may then pump more groundwater on an annual basis than that which was defined in their previously assured designation [33] . In these simulations the ECA scenario added seven to nine years of adequate groundwater supply at the regional scale of the ECD scenario (Table 3 ). Agriculture uses the lion's share of effluent produced by wastewater treatment plants in PMA, with power generation coming in as a very close second [22] .
Historically, agricultural water use in the metro area has accounted for about 47% of the total water used in the Phoenix AMA [45] . There has been a steady decline in overall agricultural water use over time [22] , largely due to increased urbanization that has slowly engulfed the agricultural lands [46, 47] . Between 1997 and 2007, 8000 km 2 of irrigated agricultural lands were eliminated in the seven Colorado River basin states [17] , and this trend is expected to continue. Urbanization of formally agricultural lands, for those lands where groundwater credits can be transferred, results in an uptick in the amount of groundwater that a municipality can pump. With continuous urban population growth, however, local agencies planned to expand the metropolitan area into desert landscape in order to conserve agricultural land and water use [48, 49] .
This decrease in agricultural production in Arizona would impact the local food production (for livestock and humans) capabilities as well as employment in rural communities. Thus, the water sustainability benefit gained by ECA would be, at least partially, offset by the socioeconomic cost, such as virtual water import of produces. Agriculture has historically acted as a buffer for water supply because it enables flexibility in water use (agricultural lands can be fallowed but households and community cannot simply stop using water) and, because agricultural water is relatively inexpensive, the water credit transfers-especially during times of shortage-would not otherwise exist if agriculture was completely eliminated [43] . The agricultural sector could implement changes to farming practices to reduce water use. Simple changes in improving technologies for irrigation, and planting crops that are less water intensive, could positively influence the water sustainability of agriculture in PMA and other desert cities alike.
Concluding Remarks
We conducted a systematic evaluation of water sustainability in PMA, an arid desert megalopolis, in the light of four plausible future urban development scenario using different water planning and landscaping strategies. We used a system dynamics model, termed WaterSim, to evaluate four scenarios of water policy and use, viz. desert city, green city, and urban expansion into desert or agriculture land. Salient results indicate that increased use of reclaimed wastewater (wastewater processed in a reclamation water treatment facility) reduced the amount of groundwater used for all plausible scenarios of urban development; each of the scenarios examined had, to greater or lesser extent, positive outcomes for improving water sustainability in the PMA. Along these paths, a green city will lead to a cooler environment with added stress to water scarcity, whereas xeriscaping and the conversion of agricultural land into the built environment could help to create a more water sustainable future of the arid city. In two cases observed reductions in groundwater use (as a proportion of total water used) trends towards safe-yield for the region. Reducing outdoor water demand (by, for example, shifting landscapes from mesic or oasis to xeric and/or improving irrigation efficiencies) reduced overall water use for the region, in the neighborhood of about 36%. Nevertheless, a holistic understanding of the socio-economic implications to total environment sustainability, induced by different future paths of urban development, needs to be further evaluated in integrated framework of physical modeling, policies, and urban planning practices.
As modeled with WaterSim, policies that benefit urbanization may have a negative impact on agriculture. Shifting wastewater away from a traditional wastewater treatment plant (effluent) to a reclaimed water treatment plant (reclaimed water-a higher grade of water treatment) to benefit urbanization comes at a cost. Agriculture in the PMA utilizes the dominant share of wastewater produced. Reducing the wastewater stream from effluent to reclaimed water reduced agricultural production. Moreover, increased use of contemporary farm water for urban development (conversion of heretofore agricultural lands for urbanization) also reduced agricultural production, but to a much larger degree. When the proportion of farm water used by cities increased from the 2015 estimate to 100% of available water, farm production decreased 67% by 2050. Nevertheless, if water planners focus on decreasing groundwater dependency, then increasing wastewater reclamation would be an efficient and effective means, provided its technical and economic concerns are to be satisfactorily addressed.
Similarly, if the metropolitan region aims to reduce its overall water use, minimizing outdoor water use and moving towards the concept of DC would be the appropriate action, with repercussions of intensified UHI effects and, consequently, increased energy usage as well as significant changes in landscaping and outdoor lifestyle. Lastly, challenges to water sustainability are even more pressing if the urbanization rate is more rapid than forecasted. The agriculture-urban landscape and water use conversion can sustain a fast growing urban population longer than that of the desert-urban conversion. It is noteworthy that Expanded City into Agricultural Lands (ECA) scenario, with a policy change that dictates 100% wastewater reuse can sustain the larger projected population similar to the DC scenario with the default projections of population growth (and longer than the more "luxurious" GC scenario). While the option of trading agricultural water for urban users seems attractive, its consequence on reduced agricultural production, loss of water buffers, and eventual economic cost of virtual water import needs to be carefully weighed by policy makers and water planners alike.
